Abstract. The potential of x-ray absorption near-edge structure (XANES) spectroscopy for studying medium range order in borate glasses is assessed by theoretical modelling of the spectra. B K edge XANES is calculated in case that B atoms are located in isolated B0 3 and B0 4 units and in case that B atom are located in superstructural units of 9-15 atoms. It is found that boroxol ring and diborate and ditriborate superstructural units give rise to spectra which differ from spectra obtained by a mere superposition of spectra of isolated B0 3 and B0 4 units. On the other hand, spectra of pentaborate and triborate units do not differ significantly from spectra of isolated B0 3 and B0 4 .
INTRODUCTION
It is generally believed that borate glasses are formed by interpenetrating networks of basic superstructural units of B and O atoms (such as boroxol rings), with metal ions located in the voids [1] . The superstructural units consist of about 10-15 atoms and contain B atoms both in threefold and in four-fold coordinations. Knowing the distribution of B atoms among various sites would be very helpful in understanding the variety of properties of borate glasses. While nuclear magnetic resonance (NMR) is quite reliable in quantifying the ratio of B atoms in three-fold and four-fold coordinated sites, it is much less able to distinguish between various superstructural units [1, 2, 3, 4] . However, such information could be in principle attainable by means of x-ray absorption near-edge structure (XANES) analysis. Moreover, x-ray absorption techniques may be applied to a wide set of samples, including thin films, surfaces, diluted systems etc., where NMR cannot be used. Therefore, it would be interesting to know how sensitive B K-edge XANES is to the shortrange and medium-range order in these materials.
Recently, several measurements of B K-edge XANES of borate glasses were made by different groups [5, 6, 7, 8] . Theoretical [9] as well as experimental [10, 11, 12] analysis of spectra of B-containing minerals demonstrated that B K edge XANES can distinguish whether B atoms are located at three-fold coordinated sites ^B or whether they are located at four-fold coordinated sites I 4 1B. For further progress, it would be highly desirable to know to what extent the XANES spectroscopy can be used for studying the distribution of B atoms not just among ^B and ^B sites but also among superstructural units. In order to achieve this, we calculate XANES spectra of several superstructural units and search for significant features characteristic for their geometry.
COMPUTATIONAL METHOD
Of the many superstructural units which can be identified in borate crystals, we concentrated on those which are displayed schematically in Figure 1 . When occurring in various borate crystals, these units are usually slightly distorted. Here we assume them in an idealized geometry as if assembled from rigid B0 3 triangles and B0 4 tetrahedra, with B-0 distances R P]B-O" =1.36 A and R [4] B _ 0 =1.47 A. The B K edge XANES spectra of these systems were calculated ab initio via a real-space fullmultiple-scattering technique [13] . The muffin-tin shape of the potential was assumed.
Construction of the Potential
Our focus is on superstructural units in glasses. Therefore, we have to employ a scattering potential whichapart from reflecting the influence of the B and O atoms of the superstructural unit itself -takes into account also the influence of the other atoms of the solid. This is not a straightforward task in a glass because the positions of more distant atoms are not fixed and generally not even known. An earlier study found, however, that B K edge XANES of disordered systems is dominated by the geometry around the B atoms and not by the potential [9] . Therefore, it will be sufficient to deal with the more distant atoms just in an approximative way.
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In this work, the scattering potentials are constructed by averaging over muffin-tin potentials generated for several borate crystals which contain the superstructural unit in question; such a procedure is analogous to the virtual crystal approximation (VCA). In particular, potentials of crystalline B 2 0 3 , calciborite, ludwigite and vonsenite were used for obtaining the potential of isolated B0 3 , potentials of high-pressure phase B 2 0 3 , axinite, danburite, datolite and sinhalite were used for obtaining the potential of isolated B0 4 , potentials of Cs 2 0-9B 2 0 3 and K 2 OB 2 0 3 were used for obtaining the potential of boroxol ring, potentials of aNa 2 0-3B 2 0 3 , K20-2B 2 0 3 ,Li20-2B 2 0 3 andZnO2B 2 0 3 were used for obtaining the potential of the diborate unit, potentials of Ag 2 OB 2 0 3 , BaO-2B 2 0 3 and K 2 0-2B 2 0 3 were used for obtaining the potential of the ditriborate unit, potentials of aNa 2 0-3B 2 0 3 , K 2 0-5B 2 0 3 , 5K 2 019B 2 0 3 and Na 2 04B 2 0 3 were used for obtaining the potential of the pentaborate unit and potentials of Ag 2 04B 2 0 3 , BaO-2B 2 0 3 , /3Na 2 0-3B 2 0 3 , CaOB 2 0 3 , Cs 2 0-3B 2 0 3 and Li 2 0-3B 2 0 3 were used for obtaining the potential of the triborate unit.
The potentials of individual crystals (prior to averaging) were generated according to the Mattheiss prescription. The Is core hole was taken into account by relying on the final-state rule ("relaxed and screened" approximation). We verified that our conclusions do not depend on the particular choice of crystals from which the average potential is formed.
RESULTS
With the exception of the boroxol ring, all the superstructural units in Figure 1 contain two inequivalent B atoms. Therefore, the spectrum of the unit is a superposition of partial spectra generated at PlB and ^B sites. Our aim is to find out whether XANES can distinguish between systems in which B atoms are located in isolated B0 3 and B0 4 units on the one side and systems in which B atoms are located in superstructural units on the other side. Therefore, the spectrum of each superstructural unit is compared with an appropriately weighted superposition of spectra of isolated B0 3 and B0 4 units. The results are summarized in Figure 2 . Note that spectra generated at the ^B sites are characterized by a pre-peak at ~10 eV and a main peak at 19-20 eV and spectra generated at the ^B sites are characterized by a single main peak at 15 eV (see our earlier work [9] on the differences between XANES generated at three-fold and four-fold coordinated B atoms).
It follows from Figure 2 that in a system with only three-fold coordinated B atoms (such as B 2 0 3 glass [14] ), one could be able to identify the signal coming from the boroxol ring from the small peak around 25 eV because it appears in a region where no other peaks occur. XANES spectroscopy could thus contribute to the complex and important task of quantifying the ratio of boroxol rings in vitreous B 2 0 3 [2, 3, 15, 16, 17, 18] .
Possibly, one might also be able to deduce the presence of diborate and ditriborate units from the small shoulders occurring at the high-energy side of the main PlB peak (around 21 eV). However, this feature could be too faint to be identifiable.
Spectra of pentaborate and triborate units do not significantly differ from a superposition of spectra of isolated B0 3 and B0 4 units, meaning that these units cannot be identified via XANES.
SUMMARY
Theoretical B K edge XANES spectra of borate superstructural units are quite robust with respect to the choice of the scattering potential, implying that it is determined first of all by the geometry. The presence of boroxol rings and possibly also of diborate and ditriborate units in borate glasses could be inferred features in their from B K edge XANES. On the other hand, spectra of pentaborate and triborate units are very similar to spectra of isolated B0 3 and B0 4 units. FIGURE 2. Thin lines represent individual spectra generated at KB and ^B sites in isolated B0 3 and B0 4 (full grey lines) and in superstructural units (dashed black lines). Spectra of whole superstructural units were obtained as appropriately weighted averages of individual spectra generated at ^B and ^B sites either in isolated B0 3 
